INTRODUCTION
Beef production under Mexican tropical conditions is going through a stage of evolution with the introduction of husbandry practices such as a signifi cant level of concentrate supplementation under grazing conditions or fi nishing for short periods of time in confi nement. These changes in management strategies are geared toward the intensifi cation of the traditional off-pasture fi nishing system (Sanchez and Sanchez, 2005) . The use of Continental breeds has increased signifi cantly in recent years in addition to being crossed with Bos indicus type of cattle (UGRT, 2007; Vilaboa et al., 2008; Peel et al., 2010; García, 2011) . This trend has resulted in a wider range of beef carcasses in terms of quality produced than ever before, which is recognized by some sectors of the The objective of this study was to evaluate independently the infl uence of each of the grading criteria used for classifi cation on the fi nal quality grade and determine areas for improvement to enhance the quality of Mexican beef carcasses. The beef carcass norm implementation followed a mechanistic approach of the 5 basic evaluation criteria applied in the sequential order: 1) maturity (age), 2) conformation (muscularity), 3) color of the meat, 4) fat color, and 5) distribution of the subcutaneous fat. The quality grades possible were Supreme, Select, Standard, Commercial, Out of Grade, and Veal. The proportion of carcasses classifi ed as Select, Standard, Commercial, Out of Grade, and Veal were 13.4, 45.8, 27.4, 10.6 , and 2.7%, respectively. No carcasses had a fi nal quality grade of Supreme. Based on maturity, 79.2% of the carcasses met the specifi cations for Supreme; however, when the next criterion, conformation, was evaluated only 0.5% of the carcasses met the specifi cations for Supreme. When carcasses with a criterion grade of Supreme are not included in the analysis, the γ and κ statistics indicated that maturity and conformation have the greatest association and agreement, respectively, with fi nal quality grade. When carcasses with a criterion grade of Supreme are included in the analysis, the κ statistic for the assessment of agreement between fi nal quality grade and criterion indicated a descending order of conformation, subcutaneous fat distribution, maturity, meat color, and fat color. Thus, based on the degree of association and agreement, conformation was identifi ed as the criterion with the greatest infl uence on fi nal quality grade and the primary reason for the absence of Supreme grading among the carcasses studied. It is concluded that the application of the Mexican beef carcass classifi cation norm NMX-FF-078-SCFI-2002 into a sample population of beef cattle coming out of a tropical beef production environment highlights a system capable of sending animals to slaughter at an early age with adequate meat and fat color and subcutaneous fat distribution although requiring improvement in conformation.
industry as requiring the development and implementation of tools and strategies designed to differentiate beef carcasses based on a wide range of quality criteria across Mexico (Mendez et al., 2009 Economía, 2002) . In developing the norm, simplicity of application was kept as a requirement because only in 4 states of the 32 Mexican states (Baja California, Sonora, Sinaloa, and Nuevo León) classifi cation of beef carcasses according to quality criteria has been used for a number of years. The rest of the Mexican states have no experience in performing such a task. Consequently, the classifi cation norm was developed to offer an even and fair opportunity for the judging of carcasses produced under a wide range of production systems, including a variety of genotypes and husbandry components. This is a refl ection of the contrasting criteria for quality expected regionally by the local beef markets currently recognized in Mexico.
This study aimed to evaluate the relative importance of the individual criterion used by the classifi cation norm to determine the fi nal quality grade of the carcasses produced in the southeast of Mexico and determine those criteria with the greatest infl uence on fi nal quality grade. This research will evaluate whether the current norm is valid for the beef cattle produced under the tropical conditions of Mexico to develop confi dence in its application among the whole beef industry and consumers. (Garcia de Miranda, 1987) . Mean annual precipitation is 2,750 mm per year with a mean temperature of 26°C and maximum of 42°C (García de Miranda, 1987) .
MATERIALS AND METHODS

Animal
In its application at the federal level, the above mentioned classifi cation norm bases grading on 5 basic criteria: maturity as representative of age and evaluated according to the visual assessment of the degree of ossifi cation of the sacral, lumbar, and thoracic vertebras; muscularity, a refl ection of muscle yield and distribution, by visual contrast to photograph references of different degree of muscle development; meat and fat color as quality attributes, by means of a visual assessment of respective ranges of preestablished cards with a range of colors for each case, in both sides of the half carcasses; and fi nally, the even distribution of the subcutaneous fat (not the thickness at a particular spot) over the whole carcass, in visual contrast to reference photographs. Carcass grading was conducted according to the specifi cations within the norm by 3 previously trained independent judges.
The classifi cation norm was implemented using a mechanistic approach in which each 1 of the 5 basic evaluation criteria for the beef carcasses were applied in this order: 1) the criterion for maturity (age), 2) conformation (muscularity), 3) the color of the meat, 4) fat color, and 5) distribution of the subcutaneous fat over the whole carcass. Each evaluation criterion contained its own range of specifi cations corresponding to 1 of 5 quality grades possible: Supreme, Select, Standard, Commercial, and Out of Grade. The Veal grade within the norm is a special grade given to carcasses from animals up to 12 mo of age and no more than 150 kg total BW as the only 2 criteria for judgment. Description for each classifi cation criteria within each grade together with their corresponding ranges accepted in the norm are described in Table 1 .
In application of the classifi cation norm, an Out of Grade carcass would correspond to a carcass that, once judged for maturity, is determined to come from an animal more than 48 mo of age and it does not require further judging for any other criteria to have a fi nal quality grade of Out of Grade. If a carcass is judged for the maturity criterion and is found to be Supreme, Select, Standard, or Commercial, then the carcass is judged based on the next criterion in the order, conformation. If the carcass fulfi lls the requirement of conformation for the same grade found for the maturity criterion, the carcass remains at the same grade. However, if the carcass is found to have a grade for conformation corresponding to a different category, the carcass is then placed in this new grade. This procedure is continued with the grading for color of the meat and fat and the distribution of the subcutaneous fat. As the carcass is subjected to the different criteria for evaluation, it may remain at the grade it received previously or be moved to the grade that corresponds to the last applied criterion, always using the sequence Supreme -> Select -> Standard -> Commercial. In no case can a carcass be moved back to a higher grade previously advocated in accordance to a criterion applied before even though a particular criterion for judgment would correspond to a previous grade. In the present study and for research purposes only, all carcasses were judged for all 5 criteria even if it was not required by the norm, as it was the case for the Out of Grade carcasses.
The proportions of carcasses within each grade for the 5 grading criteria and fi nal grade were determined. The proportion of carcasses for each of the 5 grading criteria by fi nal grade was also determined. Due to the sequential order of the grading method, not all fi nal quality grade and criterion grade combinations are possible. Typical c 2 tests for association are therefore not valid. The γ and κ statistics, which estimate the degree of association and the degree of agreement (Agresti, 1990) , respectively, were computed between grades assigned for each of the 5 grading criteria and the fi nal grade. These statistics were computed using the SAS FREQ procedure (SAS Inst.Inc., Cary, NC).
RESULTS
The results presented here correspond to the application of the Mexican norm NMX-FF-078-SCFI-2002 in its federal version in which only the 5 basic criteria were used. Within the sample population studied, each carcass was evaluated by each of the 5 basic criteria described in the norm, allowing for an understanding of the relative frequencies of occurrence for each criterion independent of the fi nal grade. The proportion of the 23,484 carcasses classifi ed as Supreme, Select, Standard, Commercial, Out of Grade, and Veal for each of the 5 grading criteria and for fi nal grade are presented in Fig. 1 .
For the grading criterion of maturity, a third of the population (34.1%) included in this study was represented by animals sent to slaughter before or at the most 24 mo of age and were therefore classifi ed as Supreme. A tenth of the population (10.5%) were slaughtered at more than 49 mo of age, falling in the Out of Grade group. The rest of the animals slaughtered were evenly distributed among the groups Select (between 25 and 30 mo of age; 18.7%), Standard (31 to 36 mo of age; 16.4%), and Commercial (37 to 48 mo of age; 17.5%). The predominance of young bulls (52.8%; up to 30 mo of age) among the beef population sent to slaughter has been previously reported by Mendez et al. (2009) .
The second sequential criterion used for classifi cation was conformation. In contrast with the distribution observed for the maturity criterion, when judged for conformation only 20 carcasses (0.1% of the total) fell into the Supreme grade and the Select and the Standard grades represented 34.0 and 47.0% of the total, respectively. Meat color, fat color, and subcutaneous fat distribution are the third, fourth, and fi fth sequential grading criteria. A similar pattern was observed for the frequency of distribution for each of these 3 criteria among the grades, where the Supreme grade represented between 2 and 9%, Select and Standard grades accounted for 32 to 41%, Commercial grade from 9 to 13%, and Out of Grade approximately 5% of the total. Evaluation of the carcasses for each of the 5 quality criteria applied in the sequential order indicated by the classifi cation norm (i.e., fi nal grade) resulted in the largest percentage of the carcasses classifi ed as Standard (45.8%) followed by the Commercial grade (27.4%), Select (13.4%), and Out of Grade (10.6%), but no carcass fi nished as Supreme (0.0%).
The proportion of carcasses in each grade of each grading criteria within each classifi cation of fi nal carcass grade is presented in Table 2 . These descriptive statistics show the sequential order of the grading method and the change in the proportion of carcasses within each criteria and fi nal grade category. No single carcass fi nished with a fi nal grade of Supreme. Carcasses with a fi nal grade of Select were made up of a large percentage of carcasses (79.18%) that met the maturity criterion for Supreme and a considerable percentage that met the fat color and fat distribution criteria for Supreme (33.76 and 17.64%, respectively). However, only a small percentage met the conformation or meat color criteria for Supreme (0.51 and 8.96%, respectively). Based on the sequential order of grading criteria, it appears that the majority of these carcasses (99.49%; Table 2) could not meet the conformation criterion for Supreme resulting in their failure to achieve a fi nal grade of Supreme.
Of the carcasses with a fi nal grade of Standard, almost one-half met the maturity criterion for Supreme; however, relatively few met the criterion for Supreme of the other 4 grading criteria (0.02 to 8.81%). Less than one-half of these carcasses met the conformation and fat distribution criteria for Select (37.80 and 40.48%, respectively) suggesting that these carcasses were not able to meet the conformation and fat distribution criteria for Select, which resulted in the fi nal grade of Standard.
A majority of the carcasses with a fi nal grade of Commercial (63.51%) did not meet the maturity criterion for Supreme, Select, or Standard indicating that older age was the primary reason that these carcasses did not grade higher. Similar to the fi nal grade of Commercial, a majority of carcasses with a fi nal grade of Out of Grade (99.12%) did not meet the maturity criterion for a higher grade. However, of the carcasses that had a fi nal grade of Commercial or Out of Grade, over one-half of carcasses satisfi ed all other criteria for a grade higher than Commercial or Out of Grade, respectively.
The association between the grade for each grading criteria and fi nal grade was assessed by computing the γ statistic. Because no carcasses had a fi nal grade of Supreme, calculation of the γ statistic when including those carcasses with a grade of Supreme for any of the grading criteria would cause a defl ation of the γ statistic. Therefore, carcasses graded as Supreme for any of the grading criteria being evaluated were removed from the analysis ( Table 3) . The assessment of association between the fi nal grade and the grading criterion indicated a descending order starting with maturity followed by conformation, meat color, and fat color and ending with subcutaneous fat distribution. For all the grading criteria, the grade assigned had a strong positive association with fi nal grade.
The agreement between the grades assigned for each grading criteria and fi nal grade were also assessed using the weighted κ statistic. The weighted κ statistic was computed with and without inclusion of those carcasses assigned a grade of Supreme. When carcasses with a grade of Supreme are included (Table 4) , conformation has the largest κ statistic (0.4880) followed by subcutaneous fat distribution, maturity, meat color, and fi nally fat color. However, at best the grades assigned for conformation, subcutaneous fat distribution, and maturity have a moderate agreement with fi nal grade. Kappa statistics within the range of 0.4 to 0.6 are considered to be a moderate degree of agreement. When carcasses with a grade of Supreme are excluded (Table 5) , maturity has the largest κ statistic followed by conformation, subcutaneous fat distribution, meat color, and fi nally fat color. Maturity had a substan- tial agreement (κ = 0.6 to 0.8) with fi nal grade and had a larger degree of agreement than the other grading criteria. Interestingly, the other criteria had similar degree of agreement whether carcasses with a grade of Supreme were included or not.
DISCUSSION
A beef production system involves the interaction of genetic and environmental factors. In Mexico, it is generally recognized that tropical climatic factors impose specifi c conditions on husbandry, management, and genetics used in the beef production system (SAGARPA, 2006) . As the type of carcasses produced could be considered a refl ection of interactions between genetic and management factors (Coleman et al., 1993) , it is relevant for the beef producers to relate their environmental and genetic resources available with their potential for the quality of carcasses being produced under a bioeconomic sustainable system. Beef producers in Tabasco recognize that the environmental conditions of the tropics imposes the need to incorporate a proportion of Bos indicus genetics within the breeding cows as a desirable requirement to enhance the chances to successfully wean a calf (UGRT, 2007) , a condition that in itself imposes an implication into the muscularity of the carcasses of their offspring. Comerford et al. (1988) and Bidner et al. (2002) have previously shown that the infl uence of Brahman-derivative breeds decreases the muscularity of beef carcasses. To partially compensate in the offspring such a negative impact on muscularity inherited from the dam side, the use of Bos taurus cross-bred bulls would be recommended (Ensminger, 1987) . Simultaneously, the limited seasonal availability of feed resources in terms of quantity and quality exerts a direct infl uence on the growth potential of calves at an early stage of growth, with the subsequent impact on carcass quality. These genetic and management strategies imperative to the Tabasco production system for growing and fi nishing beef cattle impose in themselves a production potential limit to the type of carcasses achievable, in particular in terms of muscularity.
The results indicated that a high proportion of animals were sent to slaughter at 24 mo of age or less, which is a refl ection of adequate animal husbandry in place to market a young beef carcass with an acceptable degree of tenderness (Hiner and Hankins, 1950; Shorthose and Harris, 1990; Purchas et al., 2002; Meyer et al., 2005) . However, when the criterion for conformation of a carcass was considered only 20 out of the 23,484 carcasses evaluated under these conditions had the degree of muscularity required to classify as Supreme. Therefore, the results discussed here could be interpreted as an indication for the Tabasco beef producers that a fi nal carcass grade of Select would be considered as an optimum achievable level without having to rely on extra inputs if a fi nal grade of Supreme were to be considered the optimum, inputs that may make the system uneconomical and unsustainable. 1 Criteria are arranged in descending order of agreement. The sequential order of the criteria for judging is maturity, conformation, meat color, fat color, and fat distribution.
2 ASE = asymptotic SE 3 95% lower confi dence limit (CL).
A goal of a fi nal grade of Select gets further support by the fact that the Select grade was achievable already for 34% of the carcasses for the conformation criterion, and the criteria of meat and fat color and subcutaneous fat distribution were all adequate to allow around 40% of the carcasses to grade Select when these factors were considered individually. However, when considered in the entirety of the classifi cation norm, only 13.4% of the carcasses had a fi nal grade of Select, indicating considerable room for improvement.
In conclusion, the updated version of the beef carcass classifi cation norm NMX-FF-078-SCFI-2002 proved to be appropriate under commercial conditions for the differentiation of carcasses based on the criteria and ranges as specifi ed as well as became functional under the mechanistic strategy adopted. The application of the Mexican beef carcass classifi cation norm on a sample population of beef cattle coming out of a tropical beef production environment provides some insight into the strengths and possible weaknesses of the beef primary production sector for the Tabasco State in particular and the Mexican tropics in general. Its implementation under populations and production systems representative of temperate and semiarid environments is also required in the future to test the suitability of the norm under those conditions as well.
From the application of the norm, it is concluded that grading criteria of conformation and maturity have the greatest degree of association and agreement with fi nal grade and thus have the greatest impact on determining the fi nal carcass grade in beef populations in the tropics of Mexico. A challenge for tropical beef producers of Mexico, Tabasco in particular, is to achieve at a greater proportion of carcasses with the criteria required to reach the Select grade through the revision of sustainable animal husbandry practices and genetic programs.
